Research that is conducted via the Internet has the potential to reach important clincial populations of subjects who would not participate in traditional studies. Concerns exist, however, about the validity of samples recruited in this manner, especially when subjects are anonymous, and never have contact with study staff. It is not possible to make clinical diagnoses, and subjects may not approach questionnaires with seriousness or even truthfulness. This study evaluated two anonymous samples that were recruited over the Internet to test on online program designed to help problem drinkers. The two studies were conducted three years apart, and significantly different recruitment strategies were utilized. Despite these differences, the two samples were highly similar in demographic and clinical features. Correlations that have been found between variables in traditional non-anonymous studies, were also found in both samples, supporting the validity of the data that was collected. Appropriate skepticism is required when critically evaluating Internet studies. Nevertheless, the results of this study indicate that it is possible to obtain stable, valid data from anonymous subjects over the Internet, even when there are significant differences in the way the subjects are obtained.
Introduction 3
Users of the Internet represent a valuable resource to researchers. Communication efficiencies associated with this medium can make subject recruitment easier, and populations who would not participate in traditional research can be accessed and studied. Participating in a research study via the Internet is convenient for subjects, and can allow the preservation of anonymity when sensitive topics are involved.
This new form of conducting research can also have important liabilities. The actual composition of the sample being studied, particularly in the case of anonymous participants, is difficult to know when subjects are participating in a study via the Internet. Researchers lose control over the context in which data are collected 1 . For example, subjects working in a non-clinic or laboratory environment might invest less time and energy in accurately completing questionnaires. An Internet subject may take on a fictional persona 2 , or give false information for a variety of other reasons as well. They may distrust the strategy used to protect their identity, and withhold information they do not want attributed to them. They may not take questionnaires seriously, and provide incorrect information for entertainment, or they may answer the questions without giving them the amount of consideration they require.
In order to evaluate the stability of study samples recruited via the Internet, and to test the validity of the information obtained, this study compared two separate samples of problem drinkers who were recruited to test an automated intervention for alcohol abuse that was delivered over the Internet. Both samples were composed of anonymous 4 individuals with drinking problems who participated exclusively via the Internet. They did not have contact with the study staff at any time.
Materials and Methods

Participants
Subjects were recruited for two separate studies that were done approximately three years apart. Study 1 was designed to evaluate the clinical and demographic characteristics of individuals who visited the Web site, and completed the program 3 . Levels of satisfaction with the program were measured, and correlated with clinical and demographic characteristics. No advertising was used to recruit this sample. Users of the site came from Google, Yahoo!, Excite, Alta Vista, and other search engines, which were noted to list the site on the first page of results when relevant search terms were used. Study 2 measured participants' level of interest in conventional treatment pre-and postintervention in order to evaluate the effectiveness of the alcohol abuse program in increasing motivation for change (Lieberman and Huang, unpublished data) . In this study, the previous recruitment strategy was not effective at enrolling subjects.
Consequently, paid advertising exclusively purchased from Google was used to recruit subjects. Most of the data collection instruments were the same in the two studies allowing a comparison of the two groups.
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Although participants had significant drinking problems, they were not treatment- The AUDIT is a ten-item questionnaire designed to distinguish light drinkers from those with problem drinking. The items included in the AUDIT were chosen to reflect three dimensions of drinking: alcohol intake; alcohol dependence, such as difficulty in controlling drinking, neglect of alternative interests, and physiological withdrawal; and adverse consequences. Possible scores range from 0 to 40, with higher scores indicating greater alcohol-related psychopathology.
The Family Tree Questionnaire provides patients with a consistent set of cues for identifying blood relatives with alcohol problems by using a family tree diagram. Patients are asked to classify relatives into one of the following categories: never drank, social drinker, possible problem drinker, definite problem drinker, no relative (applicable only for siblings), or don't know/don't remember 12 .
Data Analysis
Results were evaluated both with and without the Bonferroni correction to adjust for multiple comparisons. Clinical and demographic variables that would provide information on who the subjects were, and how they were experiencing their alcohol use were measured and compared. The demographic variables were age, gender, years of education, and employment status. Clinical variables were age of first use of alcohol, age of onset of problem drinking, motivation scores as measured by the SOCRATES, amount of alcohol consumed per week, and AUDIT score. The reported helpfulness of the program modules were also compared.
Summary statistics are presented as means and standard deviations for continuous variables, and percentages for discrete variables. The t-test was used to compare 8 continuous variables, and the chi-square for discrete ones. In order to assess the validity of the data collected from anonymous subjects, Pearson's correlation was used to evaluate characteristics within the online groups that have been previously found to be associated with one another in conventional studies of non-anonymous subjects.
Differences in drinking between genders were also analyzed as a measure of putative validity.
Results
Over Table 1 . Subjects from Study 2 were, on average, three years older than those in Study 1. These subjects also rated the AUDIT feedback as being more helpful. In other respects the two groups were similar. Motivation scores, alcohol consumption, and ages of first use and onset of problem drinking were all very similar.
Gender and employment status are shown in Table 2 . In both studies about half of the subjects were female. Alcohol use disorders tend to be twice as prevalent in men compared to women 13 , therefore women were over-represented in both online samples, suggesting that there are advantages for women to seek help via the Internet as opposed to the use of traditional clinics. Consistent with the higher than average educational level of this population, most subjects were employed full-time. There was little difference between the two samples. In both samples, approximately one quarter of the subjects had a father with a drinking problem. Table 3 shows the correlations between variables in the two studies that have been found to be significantly related to one another in conventional, face-to-face, non-anonymous studies. These variables were measured in order to evaluate the putative validity of the data collected. Overall, each of the relationships was found to be highly significant. The one exception is the relationship between level of alcohol consumption, and the perceived helpfulness of the module that provided feedback on how a subject's drinking compared to national averages. Interestingly, both of the two studies failed to find a correlation between these two variables. Also of note, relationships in one study that had a stronger correlation, as measured by a higher r value, tended to be stronger in the other study as well. Examples include Recognition x AUDIT, Recognition x Ambivalence, and Ambivalence x AUDIT.
Gender differences are shown in Table 4 . Men reported consuming significantly more drinks per week than did women in both studies. In one of the studies, but not the other, men reported an earlier age of onset of problem drinking. There were no differences in the AUDIT scores between men and women indicating that, on average, the two genders experienced similar alcohol-related psychopathology.
Discussion
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The Internet has a clear sampling advantage for populations that are difficult to access. In this case, the sample of interest represented a population of problem drinkers who did not perceive a need for treatment, and would be difficult to bring into a traditional clinic environment. This has been referred to as a "hidden population" of problem drinkers.
Being able to administer a preventive intervention to this population has important public health implications (Lieberman and Huang, in press).
There were two important differences in the recruitment of the two samples. The most important clinical characteristics that were measured were the number of drinks consumed per week, the severity of alcohol-related psychopathology as measured by the AUDIT, and the level of motivation for change as measured by the SOCRATES. In spite of the differences associated with acquiring the two samples, Table 1 shows that these variables were nearly identical across the two groups. Gender and employment status were remarkably similar, and only age differed significantly. Subjects in the second study were, on average, three years older than those in the first study.
In spite of the numerous unknown factors that had the potential to impact negatively on the integrity of the data, both studies revealed internal correlations between variables that replicated relationships observed in other studies which utilized non-anonymous subjects in conventional research environments. For example, a frequently identified relationship between age of onset of alcohol use and age of onset of alcohol problems 14 was also 12 found in the two Internet samples. The number of drinks consumed per day was significantly correlated with severity of alcohol related problems, and recognition of having an alcohol problem [15] [16] [17] . Although the subscales of the SOCRATES measure different components of motivation, they would be expected to be correlated based on where an individual is on the stages of change continuum 11 . This correlation was present in our data suggesting that the SOCRATES questions were answered with a degree of thoughtfulness and accuracy by the participants. In both studies greater ambivalence and recognition of having a drinking problem was significantly associated with perceived helpfulness of the feedback derived from the scale.
Also consistent with findings from other studies, men reported significantly more drinks per week than women 18 . Study 2, but not Study 1 found that men also reported an earlier age of onset of problem drinking 19 . Like other studies that have found that women experience more alcohol-related pathology at lower levels of consumption, there were no significant differences between the AUDIT scores of men and women 20 .
The validity of the data collected from the subjects is supported not only by the consistency with traditional studies but also by the rather striking similarity between the correlation coefficients of many of the variables tested. Mitigating the inherent disadvantages of an online sample, is the ability to collect a large sample size. In Study 1 the sample was over one thousand. Advantages of a larger sample size include the potential for more stable data, and a more detailed analysis. The high statistical power 13 obtained with a large sample can allow multiple tests to be run on the same dataset without losing significance following a Bonferroni or other correction.
In order to fully take advantage of the strengths of Internet recruitment, it is important to identify ways to enhance the integrity of the study sample. In this case, the program itself provided an incentive for subjects to provide accurate information. The appeal of the program lay in the promise of receiving individualized feedback following a multi-stage assessment of drinking parameters. The more time and effort that a user devoted to ensuring the accuracy of the answers, the more valuable the feedback became.
It is possible that the similarities found could be due to participants from Study 1, also participating in Study 2. Because participants were anonymous, it is not possible to rule this out. Nevertheless it is unlikely due the fact that the assessment battery was the same for both studies. It took a significant amount of time and work to complete the questionnaires, and most people would not find it worthwhile to do it twice.
In general, researchers and clinicians who critically evaluate studies that utilize anonymous subjects recruited via the Internet need to exert caution in interpreting the results of the studies due to the unknown factors associated with this type of study sample. The loss of control over the subjects that is inherent in Internet mediated research must be fully appreciated, and taken into account. However, the liabilities associated with these samples may not be much greater than the weaknesses associated with traditional recruitment methods, such as the trade off between internal validity and generalizability.
14 The results of this study suggest that valid and reliable data can be obtained, even when the underlying population is accessed via different methods and over extended periods of time. 
